Introduction
The Norway spruce Picea abies (L.) Karsten plays a significant role in the forest management in many countries of Central and Eastern Europe. Its geographic range is not uniform, as two independent areas can be distinguished. The first is the area of lowlands in the north-east, and the second is the mountainous area of Central Europe. A spruce-less belt separates the areas (Figure 1) .
Spruce tree stands are frequently attacked by many pests including the spruce bark beetle Ips typographus (L.), which is considered to be one of the major pests of spruce forests in Eurasia [1] . It normally exists in low abundance in all spruce forests, but population fluctuations (high population densities) can cause huge economic losses [2] . Economic losses such as masses of dead standing trees occurred in Central Europe, in Scandinavian countries, and in Russia [3] . Also, the outbreak of this pest in 1981 and 1987 in the Sudety Mountains in Poland contributed to the damage of nearly 15 000 ha of spruce [4] .
Because Ips typographus play a significant role in overall forest health, the role of natural enemies found both on the insects and in their galleries is becoming more and more frequently studied. In Europe, about 140 species of Coleoptera, Diptera, Hymenoptera and other orders have been attacked by these insects [5] . Thus far, almost 60 species of mesostigmatid mites have also been found in the galleries of I. typographus [6] . The most numerous and most frequently represented families are the Ascidae, Digamasellidae and Trematuridae. It may be hypothesized that the mites reached the galleries by phoresy on bark beetles. However, there is little information concerning the phoretic relationships between I. typographus and mesostigmatid mites. It is noteworthy that Gwiazdowicz [7] found Proctolaelaps fiseri, and Gwiazdowicz et al. [8] recorded eight mite species on these bark beetles.
The objectives of this study were 1) to recognize and compare the mite species richness in bark-beetles galleries in managed and natural Norway spruce stands separated by a wide spruce-free belt, 2) to experimentally confirm that phoresy is the basic method of transport for mesostigmatid mites between Ips typographus galleries. was Additionally, we attempted to discover the scale of phoresy and the diversity of mite species found on the bodies of bark beetles. We also compared the groupings of mesostigmatid mites recorded in two geographically separate populations of Ips typographus. This research also may also have practical applications in forest management, as these beetles are pests of spruce stands in Central Europe and mesostigmatid mites may be their natural enemies, feeding on their eggs and larvae [9] .
Experimental Procedures
This research was conducted in two Norway spruce stands separated by wide c.a. 200 km spruce-free belt, which had two different life histories and management systems. The spruce-free belt is generally considered to be a natural barrier for many spruce-associated taxons including Ips typographus (Figure 1 ). The first study site was located in lowlands in the Białowieża National Park (BNP) (52°42′04″N, 23°52′10″E) at the altitude of 140-170 m a.s.l. The Białowieża forests are considered to be some of the most natural forest complexes in Europe. The second study site was located in managed forests in the Sudety Mountains (Szklarska Poręba Forest District (SzPFD) -50°50′N, 15°32′E) at the altitude of 750 to 980 m a.s.l. Spruce tree stands in this area were nearly totally destroyed between 1981 and 1987 by air pollution and Ips typographus gradation.
In total, 60 Boregard traps (2 study site × 30 traps), which were emptied between August 1 and 16, 2010, were placed in the forests, close to the border zone and exposed to direct sunlight. A Boregard trap is a pipe (height = 135 cm, Ø=15 cm) containing a commercial attractant Ipsodor W (Chemipan, Poland). The construction of this type of trap prevents mite migration/ escape and ensures that all the mite individuals were phoretically transported into the trap. The collected mites were placed in 70% ethanol, mounted on permanent (using Hoyer's medium) and semi-permanent (using lactic acid) slides, counted, and identified using the latest taxonomical literature.
The diversity for each sample was measured using Shannon's Diversity Index (H') and the Eveness index (E=H'/ln (Richness)). The species richness was examined by counting the number of species in each sample. Data were tested for significant differences with Student t-test, and when the data failed the normality test, the Mann-Whitney Rank Sum Test was applied. The level of significance for all statistical tests was assumed at P<0.05. All statistical analyses were performed using SigmaStat (Jandel Scientific, San Rafael, CA). Data were tested for outliers at the 95% significance level using the Robust method. Data were graphed as box plots indicating the range between the 25 th and 75 th percentiles of each data set. A solid line marks the median, a dash marks the mean and capped bars indicate the 10 th and 90 th percentiles. The triangle indicates extreme data points. The zoocenological analysis of mesostigmatid mite communities was based on indexes of dominance (D) and frequency (F) after Błoszyk [10] . Dominance classes were used as follows: eudominants (>30%); dominants (15.01-30%); subdominants (7.01-15.0%); residents (3.01-7%) and subresidents (<3%). For frequency, the following criteria were used: euconstants (>50%); constants (30.01-50%); subconstants (15.01-30%); accessory species (5.01-15%) and accidentals (<5%).
Results
In total, 7214 bark beetles were examined for phoretic mesostigmatid mites. The average number of bark beetles collected from a single trap was not significantly different between study sites, although we observed a trend for higher values in managed forests ( Table 1) . Our data also indicated that the mean number of mites per bark beetle was not significantly different between forests and varied from 0.29±0.05 individuals in managed forests (SzPFD) to 0.32±0.05 individuals in protected areas (BNP). Moreover, our experiment also revealed that mean number of species, mean abundance, Shannon and Evenness indexes were not significantly different between study sites. However, we recorded higher values of mean number of species, mean abundance and Shannon index for SzPDF, when compared to BNP (Figure 2) . Analysis of the species rank graph revealed no differences in the proportional abundance of all the dominant species in either study area (Figure 3) . Surprisingly, the mite communities were dominated by the same three main species: Trichouropoda polytricha, Dendrolaelaps quadrisetus and Uroobovella ipidis. Other species recorded in the study had relatively low abundance/dominance indexes.
Białowieża National Park
In the Białowieża National Park, 2390 bark beetles were examined for phoretic mesostigmatid mites. In toal, 659 mites were collected which were classified into 13 species. The mean number of mite species per trap/ sample was 3.32±0.21, Shannon index -1.08±0.03, Evenness index -0.96±0.05, while the average abundance equaled 26.40±4.14 ( Table 1) .
In general, Trichouropoda polytricha was the most numerous species in our study (394 ind. 
Szklarska Poręba Forest District
In the Szklarska Poręba Forest District, 4824 bark beetles were examined for phoretic mesostigmatid mites. In total, 1145 mites were collected which were classified into 10 species. The mean number of mite species per trap/sample was 3.5±0.31, Shannon index -1.14±0.02, Evenness index -0.98±0.03, while the average abundance equaled 39.85±7.88 (Table 1) . 
Discussion and Conclusions
At the beginning of our study we assumed that mesostigmatid mite communities would differ in population between managed and natural spruce stands. Weslien and Schroeder [11] who studied the insect predator Ips typographus in 100 years old spruce stands found significantly higher numbers of species in unmanaged stands. Surprisingly, our experiment revealed that the species richness of mesostigmatid mites between managed and natural forests stands in bark beetles galleries (pipe traps in our study) was quite similar, although the distance between the plots was c.a. 500 km. Generally, we recorded a higher number of mite species in natural stands in Białowieża National Park compared to the managed stands in SzPFD. However the abundance of many mite species was low and may be found sporadically in bark beetles galleries. Moreover, the mean number of mite species per sample, the mean number of mites per beetle, as well as the Shannon and evenness indexes were not statistically different between study sites. Furthermore, mesostigmatid mite communities were quite similar due to the fact that the same three main species dominated in the community e.g. Trichouropoda polytricha, Dendrolaelaps quadrisetus and Urobovella ipidis. Moreover, this study also indicated that mesostigmatid mites are mainly phoretically transported into bark beetles galleries in the juvenile developmental stages. We recorded a higher abundance of deutonymphs of Dendrolaelaps quadrisetus, Trichouropoda polytricha and Uroobovella ipidis on Ips typographus bodies. This is in line with Bajerlein and Błoszyk [12, 13] and Pernek et al. [14] , who pointed out that uropodid mites in juvenile stages often attached to bark beetle adults.
Our result are in line with previous observations by Hirschmann and Wiśniewski [15] , and Wiśniewski and Hirschmann [16] [7, 16, 17] .
Although comparative studies on how populations of bark beetles and their associates are affected by forestry at the landscape scale are lacking, there is empirical evidence that mesostigmatid mite communities associated with Ips typographus in natural and managed forests are very similar in relation to species richness and abundance. Moreover, the communities are generally dominated by juvenile stages of all main species and phoresis is the basic form of dissemination of mesostigmatid mites. 
